Formation of chitosan nanoparticles to encapsulate krill oil (Euphausia

68
However, its limited solubility in water and rapid instability to oxidation had made it difficult to 69 achieve these benefits (Bustos, Romo, Yáñez, Díaz, & Romo, 2003) .
70
To avoid limited solubility (Dispersibility in aqueous media), and the oxidative instability of shelf life and well retained functional properties (Keawchaoon & Yoksan, 2011) . Similarly,
97
Hosseini et al, prepared oregano oil loaded CS-TPP nanoparticles by an additional step of oil-in-
98
water emulsification prior to solidification of these droplets by CS & TPP (Hosseini et al., 2013 ).
99
They confirmed regularly distributed, spherical shaped particles having size 40 -80 nm with 100 slow release characteristics. They reported more than 80 % release of oregano oil that was 101 attributed to greater surface volume ratio due to smaller particle size. On the other hand, nano- 
Preparation of KO-loaded CSNPs
121
KO-loaded CSNPs were prepared using a modified version of the method described by times with water to remove or wash off excessive KO. Eventually, the wet particles were 137 dispersed in 25 mL water by ultrasonication to produce a homogeneous suspension.
138
Ultrasonication was performed using a (Jy98-IIIDN, 20 kHz, Ningbi Scientz Biotechnology Co., The z-average diameter and the uniformity of particles in dispersion (particle size 144 distribution) that is being measured as polydispersity index (PDI) for KO-loaded CSNPs were 145 investigated by dynamic light scattering (DLS) using the Zetasizer Nano ZS ® (Malvern
146
Instruments, Worcestershire, U.K.). To avoid multiple scattering effects, the nanoparticles were 147 diluted 100-fold with purified water, placed in a cuvette and agitated well prior to measurements.
148
Refractive indices of 1.45 for KO and 1.330 for water were used. ζ-potential was determined by
149
Laser Doppler Velocimetry using the Zetasizer Nano ZS ® at a scattering angle of 173° at 25 °C.
150
The diluted nanoparticles were placed in a folded capillary electrophoresis cell with count rate 151 between 100 and 300 Kcps as described by Zainol et al. (Zainol et al., 2012) . All the tests were 152 performed in triplicate. 
Morphology of KO-loaded CSNPs
154
The morphological characterization of the nanoparticles was done using SEM (Hitachi S- 
Characterization using FTIR, TGA and XRD
159
The infrared spectra of all samples were obtained using a Thermo Fisher Scientific Inc., 
Determination of loading capacity (LC) and encapsulation efficiency (EE)
208
The surface morphology of CSNPs and KO-loaded CSNPs were observed by SEM. 
233
In addition, ζ-potential of CSNPs gave a positive charge of + 37.7 mV as shown in Fig. 3 .
234
The positive surface charge arises due to ammonium groups of CS. (Fig. c,d ). Fig. 6A . KO degradation showed one 280 level of weight loss Fig. 6A (a) . Whereas, CS and KO loaded CSNPs showed two (Fig. 6A-b ) 281 and three levels of weight loss Fig. 6A (c-g) . Nam Generally, CS exhibits two peaks at 2θ of 10 o and 20 o (Fig. 7a) , showing high degree of 295 crystallinity. After electrostatic interaction with TPP, peak broadening and peak shifts were 296 observed with reduction of peak intensity (Fig. 7b) . In addition, a new peak is found in the and EE of KO-loaded CSNPs were then calculated using Eqs. (1) and (2), respectively, and are 309 tabulated in Table 1 . From TGA results, the percentage of LC was in the range of 8.8 to 24.7 % 310 at 25 to 125 % (w/w) ratio of KO to CS (Table 1) . LC percentage was dependent on initial KO 
321
In addition to EE, LC was determined by FTIR using the CH stretching peak to determine 322 the content of KO in CSNPs. The CH stretching peak at 2925 cm -1 and the pyranose peak at 891 region from ~3416 cm -1 to ~3377 suggests the formation of hydroperoxides ( Fig. 8-A) . Whereas cm-1) along with isolated trans absorptions (~969 cm -1 ) as presented in (Fig. 8-B ). In the case of 341 KO containing CSNPS the ROOH peak shift varied with CS-KO weight ratios. For 1:1, it was 342 moved to ~3431 to ~3404 cm -1 and ~3424 to ~3389 cm -1 at 1:1.25 ratio (Fig. 8-C) . On the other 343 hand, the triglyceride ester group peak shifts showed less dependency to CS-KO weight ratios
344
and it was from ~1741 to ~1739 cm -1 at 1:1 & 1:1.25 CS-KO weight ratios as shown in Fig. 8-D .
345
The occurrence of a larger shift ~39 cm -1 (~3416 -~3377 cm -1 ) in the ROOH band under 346 oxidative stress as shown in Fig. 8 has already been confirmed (Voort et al., 1994) . Moreover,
347
there was a shift back to higher wavenumbers (~3425) that might be due to breakdown of Gullién and Cabo also reported a shift of the ROOH band towards lower wavenumbers as oils 358 underwent oxidation, but to a somewhat lesser extent (Guillén & Cabo, 1999 
